The aim of this study was to determine the levels of Zn, Cu, and Fe in three canned fish species marketed Serbia to see if they meet recommended daily intake requirements or exceed safety limits. We collected a total of 207 samples of canned tuna, sardine, and mackerel, in oil or tomato sauce and analysed them with inductively coupled plasma mass spectrometry (ICP-MS) after acid digestion. The highest levels were obtained for Zn (15.1 mg kg -1
Danube as the Serbian largest river. Investigations of canned fish from the local Serbian markets mostly refer to an analysis of inorganic and organic environmental contaminants (16, 17) and proximate composition (18) . To the best of our knowledge, however, no one has investigated the levels of essential elements in canned tuna, sardine (or pilchard), and mackerel available in Serbian markets and compared them to the numerous studies worldwide (19) (20) (21) (22) (23) . Information on the levels of essential element as well as the estimated daily intake (EDI) of these elements by adults consuming different species of canned fish is important to ensure that the fish consumed is safe for human consumption. Furthermore information about zinc, copper, and iron levels in canned fish are required by Serbian regulations (24) .
The objectives of this study were therefore to: 1) acquire information about the levels of zinc, copper, and iron in the three marketed canned fish species available in Serbia; 2) compare these levels between canned fish species in oil and tomato sauce; 3) assess the patterns of their distribution among these canned fish; 4) ascertain whether they exceed maximum levels currently in force (24); and 5) calculate their intake by consumers through canned fish.
MATERIALS AND METHODS

Sample collection and preparation
Canned tuna (n=72), sardine (n=45), and mackerel (n=21) in oil and tomato sauce (n=33, n=18, and n=18, respectively) were purchased at Serbian retail markets in 2015. The cans were labelled, taken to the laboratory, and stored in a clean dry place until preparation. Samples were then homogenised, 0.5 g placed in a Teflon vessel, mineralised by adding 5 mL of nitric acid (69.5 %, Fluka, Buchs, Switzerland) and 1.5 mL of hydrogen peroxide (30 % analytical grade, Merck, Darmstadt, Germany), and digested in a Multiwave 3000 SOLVE microwave digester (Anton Paar, Graz, Austria). The digestion conditions were as follows: max power 1000 W; ramped to 180 °C over 5 min; held at 180 °C for 15 min; cooled in the oven for 20 min and then at room temperature for another 15 min. Cooled to room temperature, the digests were moved to polypropylene volumetric flasks and diluted to 100 mL with deionised, Milli-Q water (Milli-RO 60, Millipore Corporation, Billerica, MA, USA). Zn, Cu, and Fe were analysed with an iCap Q inductively coupled plasma mass spectrometer (ICP-MS) (Thermo Scientific, Bremen, Germany). For quantification we used the most abundant isotopes. For five-point calibration (including zero) we used standard stock solutions containing 1000 mg L -1 of each element (Zn, Cu, and Fe) obtained from Solutions Plus, Inc. (Fenton, MO, USA). The purity of the starting material in the standards was 99.999 % for each element. Linear ranges and coefficients of determination (R) were >0.99 for all elements. Before calibration, the instrument was auto-tuned for the highest sensitivity.
Quality assurance
Accuracy was tested with BCR-185R bovine liver (IRMM, Geel, Belgium) as certified reference material. It was prepared in the same manner as the canned fish samples. Measured concentrations were corrected for response factors of internal standards using interpolation and were within the range of the certified values for all isotopes ( Table  1) . As no information was given regarding Fe content in the reference material, analytical recoveries of 95-101 % were determined using spiked samples (Fe=10 mg kg -1 ; n=10).
Estimated daily intake
To calculate the estimated daily intake (EDI) of Zn, Cu, and Fe through consumption of the analysed canned fish we used the following equation:
)=C elements × DC canned fish where C elements is the level of the element (mg kg -1 ) measured in canned fish and DC canned fish is the average daily consumption of canned fish per person. In Serbia it is 3.04 g, according to the Statistical Office of the Republic of Serbia (13) .
Statistical analysis
Statistical analysis was run on Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA). To establish significant differences between the means, we used the analysis of variance (ANOVA) and Tukey's HSD test.
RESULTS AND DISCUSSION Table 2 shows the mean levels of Zn, Cu, and Fe in 207 canned tuna, sardine, and mackerel samples in oil and tomato sauce, as well as their ranges taken from several national food databases (NFDs) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) . Significant differences between the three types of canned fish in oil and tomato sauce are presented in Figure 1 .
The highest levels of Fe were found in canned sardine in oil and mackerel in tomato sauce Canned sardine in oil and tomato sauce also had the highest levels of Zn and Cu (Table 2) .
Zinc
Zn has an important role in many biochemical reactions in human metabolism and is often called the metal of life (37) (38) (39) . In our study, canned sardine had significantly higher Zn levels than the rest ( Figure 1A ), but these still keep within the ranges reported in by other nations (NFDs in Table 2 ), as do the levels in the other two fish.
Copper
Cu is an important essential element that acts as a cofactor for many redox enzymes. However, at high levels it can become toxic and lead to anaemia by interfering with iron transport and/or metabolism (40) . However, Bost et al. (41) point to a number of issues that blur the relationship between Cu intake and health. In our study, canned sardine again had the highest Cu levels, but not significantly higher than mackerel ( Figure 1B) . Cu levels in canned fish in oil were well within the NFD ranges, but were lower than the NFD data in canned sardine in tomato sauce ( Table 2) . 
Iron
Similar to Zn, Fe is an important element available in abundance in poultry, fish, meat, cereals, grains, fruits, and other vegetables (42) . It constitutes haemoglobin in blood, myoglobin in the muscles, and participates in a wide variety of metabolic processes. Disorders of Fe metabolism are among the most common diseases in humans, including anaemia, iron overload, and neurodegenerative diseases.
Third time winner, canned sardine showed significantly higher Fe levels than the other two canned fish in oil ( Figure  1C ). Fe levels kept within the range reported by the NFDs for all three fish, except for sardine in oil and mackerel in tomato sauce, which had lower and higher values, respectively (Table 2 ). In addition, Tukey's HSD test showed a significant difference in Fe levels between mackerel canned in oil and in tomato sauce (p<0.05 level) ( Figure 1C ). In fact, they were the highest not only in this study but in the available literature reporting Fe levels in canned mackerel in tomato sauce (19, 23) , which, to be honest, is relatively modest. Table 3 shows the estimated daily intake of the analysed essential elements, based on the average Serbian consumption of canned fish per person. These estimates are for adults aged 19-50 years. The results are expressed as the percentage of the recommended dietary allowance (RDA) published by the Institute of Medicine, Washington, USA (43).
Intake of essential elements by consumers through canned fish
Overall, canned fish was estimated to provide between 0.14 and 0.72 % of the RDA and are, therefore, not important dietary sources of these three essential elements. Other food types are clearly necessary to make up for difference in Serbian population. In terms of maximum allowed limits, however, these three essential elements in canned fish meet the Serbian marketing requirements (24) ( Table 2 ).
CONCLUSION
Our findings are pretty much within the ranges reported by other nations (NFDs), which is no surprise, especially as the canned fish marketed in Serbia is imported from a number of countries whose NFDs have been referenced here. The levels of the three elements do not present any health risk, but also barely contribute to the daily intake requirements. However, our findings also single out sardines as the most complete nutritional meal of the three, at least in terms of Cu, Fe, and Zn. Canned sardine contributed to the RDI about 1.5 times as much as canned tuna or mackerel. However, canned fish cannot be considered an important dietary source of the analyzed essential elements, and other food types or dramatic changes in fish diet are clearly necessary to make up for the difference in Serbian populations.
Our study may be limited in design, considering that it focused only on the canned sea fish and did not compare canned with fresh fish or that the EDI calculation is based on crude estimates, yet the merits of monitoring elements in foodstuffs are indisputable: monitoring ensures the quality and safety of food marketed locally and can provide useful information about essential nutrients to the (local) consumer.
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